Abstract: This paper explores the relationship between land cover change and albedo, recognized 12 as a regulating ecosystems service. Trends and relationships between land cover change and surface 13 albedo were quantified to characterise catchment water and carbon fluxes, through respectively 14 evapotranspiration (ET) and net primary production (NPP). Moderate resolution imaging 15 spectroradiometer (MODIS) and Landsat satellite data were used to describe trends at catchment 16 and land cover change trajectory level. Peak season albedo was computed to reduce seasonal effects.
145
Post-classification change analysis was performed through overlay of (1) T1 and T2, and (2) T2 146 and T3 land cover maps and construction of a transition matrix for the intersection of each pair of 147 land cover maps [4, 20, 33] . Observed historical land cover change of 21% and 18% in respectively S50E 148 and T35B were reported for 2000-2014 [4] . Projected land cover change, modelled from the 2014 and 149 2030 land cover maps, amounted to 23% and 16% of the catchment for S50E and T35B respectively 150 [20] . Nine land cover change trajectory labels were assigned to specific land cover transitions to relate 151 land cover change to specific landscape processes [4] . Landscape changes in the study area were 152 grouped into three land change categories [46, 47] . Table 1 shows the land cover class transitions identified by trajectory labels with expected albedo change direction for each class transition, based
154
on literature values [36, 48, 49] for similar land cover classes, provided in brackets: (↑) to signify 155 increase, (↓) decrease or (-) no change. The land change category is also specified as abrupt 
166
deforestation and urban intensification due to the time scale over which the change occurs.
167
Deforestation, degradation and reclamation, resulting in expected albedo increase, as well as 168 abandonment, with expected albedo decrease, describe transitions to grassland and bare areas.
169
Seasonal change (superscripted with s) can account for natural dynamics of seasonal conversions not 170 explained through anthropogenic change that may result in albedo fluctuations. As trajectory labels 171 identified in the study area (Table 1Table 1) define transitions from multiple land covers to a single land cover, or to multiple land covers, there may be opposing albedo change directions within the 173 same trajectory. These opposing vectors may have a confounding effect on the results and require
174
further work to untangle the influence of each land cover transition.
175
The land cover trajectory labels (Table 1Table 1 
191
= c0 + c1r1 + c2r2 + c3r3 + c4r4 + c5r5 + c7r7,
192
where r1, r3, r4, r5, r7 are the surface reflectance derived from MODIS and Landsat bands 1, 3, 4, 5,
193
and 7 respectively, while r2 is excluded for Landsat but represents MODIS band 2. 
194

221
For MODIS, NDVI was calculated from MCD43A4 surface reflectance band 1 (red) and band 2
222
(near infrared) at 500 m spatial resolution for every pixel in each annual time-series and the relative 223 position of the maximum NDVI was marked. The albedo value for the particular position,
224
representing the PSA, was extracted from the MCD43A4 time series [56] .
225
The same method to derive PSA was applied to the Landsat data in GEE. 
321
PSA generally followed an increasing trend in response to drop in rainfall, and a decreasing 322 trend in response to increased rainfall, when comparing Figure 4A and B with Figure 4C . 
332
indicates a local downward trend, the linear trend is not significant (p>0.05) in any of the catchments.
333
The correlation between mean PSA, NPP, NDVI and ET is reported in 
340
(n=2162) are presented below the diagonal. *p < 0.05.
341
In both the catchments, the strongest correlation was found between NPP and ET with 0.64 in 342 T35B (n=2162) and slightly higher at 0.71 for S50E (n=2407). Correlation between NDVI and ET was 343 ~0.6 in both catchments while NDVI showed a stronger relationship with NPP in S50E. A weak 
Land cover trajectories
378
Published albedo values are compared to similar land covers as those found in the study area 379 (Table 4Table 4 ). 
405
Significant change (9%, 10%) was noted with similar trend directions. Negative trends amounted to 
423
Transition classes (Table 1Table 
459
Trend for Point 1, with persistent forest/plantation (FP) and trajectory afforestation (R a ), shows 460 a significant overall decrease of albedo (p<=0.001 green *) with three significant breakpoints, each 461 with significant trend (blue *). The overall slope indicates a small but significant negative change.
example of persistent grassland (UG) where overall trend shows a very small, insignificant increase.
465
Structural changes occurred at all three points in 2007.
466
Estimated inter-annual variability (IAV) (i.e., annual anomalies) and seasonality (i.e., mean 467 seasonal cycle) are shown in Figure 9 for all pixels in the catchments, not only those with significant 468 change. In Figure 9 , the IAV is shown in the left panel, while the seasonal range is shown in the right 471 
473
Over the study period of fifteen years, albedo in S50E fluctuated annually with a mean of 0.0041,
474
very similar to the mean of 0.0045 in T35B. However, the IAV for the two catchments were found to 
Modelling ET and NPP
481
In Table 6 , the area percentage for modelled persistent land cover classes in 2030 are compared
482
with the size of these land cover classes in 2014. Negative trend *** <-0.0005, ** <-0.0002, * <-0.0000; Positive trend † >0.0000, † † >0.0002, † † † >0.0005
489
In the higher albedo scenario, the total modelled NEE in 2030 for persistent classes in T35B could (Table 6 ). Changes to the landscape could account for NEE of 0.7-507 1.6 x 10 6 kg C and water use of 0.5-0.7 Mm 3 . The expected scenario for S50E is increased PSA due to 508 intensification of agriculture, lower NEE and water use depending on which land cover class is 509 replaced. 
521
However transitions can be identified and from analyzing time series data in these transition classes, (Table 4) , conversion from shrubland presenting a lower mean albedo than grassland,
536
should cause a gradual decrease in albedo of ~0.03 (Table 4) 
548
with mixed land cover classes will be dominated by greener vegetation [77] . The spatial smoothing 549 may then in turn result in misleading temporal patterns when analyzing the MODIS derived data.
550
On the other hand, although Landsat has superior spatial resolution and despite the long record of 
Catchment differences
Correlation analysis between PSA and the variables NPP, ET and NDVI at catchment scale (Table 3) , showed similar trends with negative correlations between PSA and NDVI and PSA and ET.
material, Table S1 ). Intensification of wooded areas revealed different patterns in the two catchments: (Table 4Table 4 ).
598
However, persistence of shrubland may be accompanied by densification of woody vegetation,
599
which would not be noticed in the land cover change analysis as the land cover class remains 600 constant. While afforestation (R in Figure 7 ) is the strongest trajectory in T35B, conversion to 
615
For S50E a positive albedo change trend over the 2000-2014 study period was observed (Table   616 5), but when considering a scenario where mean albedo prevails and the positive trend does not 617 continues, net carbon storage for persistent classes could increase by 15% to 2.88 x10 6 kg C by 2030 618 based on land cover change. However, a more likely scenario is an increase in albedo due to 619 degradation and decrease of grasslands, intensification of agriculture and urbanization resulting in a 620 decrease of 12% in modelled NEE, mirroring the decline in NPP over the study period ( Figure 4E ). In 
631
by IAPs can also reduce productivity due to loss of rangeland productivity for livestock production.
632
Acacia spp. are effective in utilising available resources more efficiently and may therefore outcompete 2017, it will take time before this data can be used for long term studies. In the meantime taking an 677 ensemble approach with Landsat and MODIS can allow the benefits of each sensor to be exploited.
678
Based on trend analysis, the study revealed little change in catchment mean albedo at the time 
